Household energy consumption has been increasing in the last decades; the residential sector is responsible for about 40% of the total final energy use in Europe. Energy efficiency measures can both reduce energy needs of buildings and energy-related CO2 emissions. For this reason, in recent years, the European Union has been making efforts to enhance energy saving in buildings by introducing various policies and strategies; in this context, a common methodology was developed to assess and to certify energy performance of buildings. The positive effects obtained by energy efficiency measures need to be verified, but measuring and monitoring building energy performance is time consuming and financially demanding. Alternatively, energy efficiency can also be evaluated by specific indicators based on energy consumption. In this work, a methodology to investigate the level of energy efficiency reached in the Umbria Region (Central Italy) is described, based on data collected by energy certificates. In fact, energy certificates, which are the outcomes of simulation models, represent a useful and available tool to collect data related to the energy use of dwellings. A database of building energy performance was developed, in which about 6500 energy certificates of residential buildings supplied by Umbria region were inserted. On the basis of this data collection, average energy and CO2 indicators related to the building heritage in Umbria were estimated and compared to national and international indicators derived from official sources. Results showed that the adopted methodology in this work can be an alternative method for the evaluation of energy indicators; in fact, the ones
Introduction
The Kyoto Protocol was signed in 1997 by many countries, including European ones, in order to limit global warming and to reduce greenhouse gas emissions. Specifically, it was issued with the aim of reducing carbon dioxide emissions by 8% within 2012 compared to the 1990 values (base year).
As international sources showed, 3600 million tons (Mt) of CO2 emissions were released in Europe in 2010 [1] [2] [3] [4] [5] , with a decrease of about 10% with respect to the base year. In order to reduce the CO2 emissions and to obtain important energy saving, the European Union (EU) provided a common strategy; in agreement with directive 2009/29/EC [6] , the European countries were committed to obtain energy saving, renewable energy increase, and CO2 reduction of 20% by 2020.
In accordance with the common European strategy, Italy had to reduce CO2 emissions by about 6.5% by the end of 2012 compared to 1990, but it reached only 5.8% CO2 reduction [2] [3] [4] [5] . This result is mainly due to the building sector, which accounted for 40% of total emissions; in particular, many studies in Italy have shown that buildings are responsible for about 40% of the total energy consumptions, because the main part of Italian buildings were built before the 70s and have high heating energy needs [6] .
Hence, it is necessary to achieve a sustainable development in the next decades; this process should be pursued by means of energy efficiency strategies in order to further reduce CO2 emissions and energy consumption. The Energy Performance of Buildings Directive 2010/31/CE [7] played a key role in supporting energy saving measures to move towards new nearly zero-energy buildings by 2020. Government policies encourage the improvement of energy efficiency of buildings, in order to reduce energy demand and the energy-related CO2 emissions in compliance with the European common strategy [7] .
Moreover, in agreement with European strategies, Italy splits its reduction objective using a different "Burden Sharing" for each region; specifically, the Region of Umbria has to increase its renewable energy share up to 14% within 2020, consequently reducing both energy consumption of fossil fuels and CO2 emissions.
In this paper, the buildings of the Region of Umbria were chosen as a sample because they are representative constructions of central Italy; besides, in recent years different measures were promoted in Umbria to achieve energy saving in the building sector, for example, green buildings were funded within the Annual Operational Program [8, 9] . Therefore, the aim of this work is also to evaluate the efficiency of the adopted Regional policies.
In order to evaluate the actual energy efficiency of the Umbria Region heritage, many time demanding checks and experimental investigations are required. However, the effects of energy efficiency strategies on the building sector can also be evaluated by means of energy efficiency indicators [10] [11] [12] [13] based on energy consumption of the building heritage.
Energy efficiency indicators were estimated on the basis of data collected by energy certificates related to residential buildings in Umbria. Energy certificates are a useful tool to provide information on both building features and energy performance. An energy database was developed in which all the energy certificates received by the Regional Authorities from 2009 to 2012 were inserted [14] ; the energy database contains about 6,500 energy certificates of residential and non-residential buildings.
Furthermore, energy and CO2 indicators were evaluated from the energy database data and compared to the average values at a different level (regional, national, international), estimated from data derived by statistical sources and official reports [2] [3] [4] [5] .
State of Art
The effect of the Energy Performance of Buildings Directive (EPBD) [15] on the European building stock has been a central theme since it was issued, in particular how it can contribute to CO2 emissions reduction from the building sector by 2020. In this context, a study was carried out by EURIMA, the European Insulation Manufacturers Association, and EuroACE, the European Alliance of Companies for Energy Efficiency in Buildings, which examined five standard buildings, in order to represent the different features of European buildings, varying insulation systems and climatic conditions (consisting of 210 building types under study) [16] . The study highlighted that the EPBD can actually lead to important energy saving, even if it is very difficult to represent all the characteristics of a building stock because energy performance depends on many factors [17] .
Many studies were carried out in order to evaluate the energy performance of buildings; some of them were based on statistical data provided by European reports or by municipalities [18] [19] [20] [21] , others evaluated the efficiency of the European methodology by using a survey questionnaire carried out in all European countries [22, 23] . Other interesting works evaluated the energy performance of buildings based on a database in which different parameters were included [22] [23] [24] [25] [26] . One of them created a database in which 255 different parameters related to building characteristics were included [26] . Based on this database, a statistical analysis was carried out and the energy performance of dwellings as a function of several parameters was examined. In some studies [20, 23] , an original method was adopted in order to evaluate the energy performance of the investigated area. Specifically, they developed a database in which data from energy certificates were reported and were based on a cartographic representation of the examined area using GIS. All the examined papers were focused only on the statistical analysis and did not use the simulation data as input to define and to evaluate the energy and emissions indicators.
However, simulation data are easily found and collected, so they are also a great sample to calculate energy indicators: in this work this approach was attempted. In order to verify the reliability of the results, the calculated indicators were compared to the ones reported in national and international reports. Energy certificates were chosen as sample data because they are the results of the methodology provided by the European Union for evaluating and for certifying the energy performance and emissions of buildings. In fact, in compliance with the European Directive, each Country has to provide a common method for the calculation of energy performance of buildings by using simulation codes; in Italy this methodology has been specifically provided since 2009.
The sample data was collected using an energy database as in previous works [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] : all the energy certificates received until 2012 by the Regional Authorities were inserted in this database, already described in a previous work in which an original and useful energy index for checking the energy certificates was developed [14] . All the data included in the energy database were analyzed and used for the energy indicator calculation.
The novelty of this paper is due to the establishment of benchmarks of energy consumption and CO2 emissions in Umbria that can be compared to other energy and environmental performance indicators at different levels (national or international). In this way it is possible to evaluate the improvements obtained with the application of the regulations [15, 25, 27] .
Methodology
All the energy certificates received by the Regional Authorities were inserted into an energy database [14, [16] [17] [18] [19] [20] [21] [22] [23] 26] , in order to collect the sample data required for this study. The energy certificates were chosen because they represent the common method provided by European countries and used to check the energy performance of the buildings; in 2009 the D.M. 26/06/2009 [27] was issued in Italy, based on EPDB [13] , in which the methodology for the calculation of the energy performance and the issuing of the energy certificates were supplied. In agreement with European and Italian regulations [15, 27, 28] , the energy performance of buildings was estimated using validated simulation codes [29] ; these simulations represent a great data set on which the study of energy performance of the building heritage in Umbria can be based on, as the other works have shown; besides, unlike other works, they could also represent a great data set on which energy indicators can be calculated.
More than 6500 energy certificates were collected; some of them, about 2700, are self-declarations, in which only limited information about the geometry and energy performance class of the buildings is reported. This sample data represent about 2% of Umbria building heritage, however the collected data represent a wide sample data, which was much larger than the one used in previous works [14, [16] [17] [18] [19] [20] [21] [22] [23] [24] .
The energy database was implemented in Access software; in order to simplify the insertion of energy certificates, five main tables were created, containing the following information: 1 building characteristics; 2 energy performance; 3 advice to improve the energy performance of the buildings; 4 plant characteristics; 5 data and calculation methodology.
Each energy certificate was saved in a digital format, with an identification sequential numerical code, in which all the data included in the tables are reported. In order to check energy certificate data, a secondary numerical code was also associated to each table.
The energy database was elaborated and the mean energy performance in kWh/(m 2 year) and CO2 emission in kgCO2/(m 2 year) of the buildings were calculated. The obtained mean values were compared to the ones reported in national and international sources, such as national inventory, international agencies and statistical databases [30] [31] [32] . In this paper, all the data taken from national and international reports are called "official" values, while the ones calculated using the simulation results are called "simulation code" values. The methodology layout adopted in this work is summarized and shown in Figure 1 . The first comparison of energy indicators was carried out between the "simulation code" and the "official" data referred to the building heritage in Umbria.
For the comparison, regional energy consumption for heating was evaluated considering national reports, issued by the Italian National Institute of Statistics (ISTAT) [30] . Natural gas consumption (Nm In this model, the Italian and European energy consumption in kWh/(m 2 year) was taken from national [30] and international [32] statistical databases respectively.
It is important to clarify that, according to [28] , the Italian energy certificates provide the energy consumption only for heating and for hot water; so, for the energy performance evaluation of buildings the energy consumption for cooking and lighting was neglected and they were not considered for the energy indicator comparisons.
Besides, in order to compare the mean "simulation code" value of Umbria to the "official" Italian and European ones, a climate normalization was also required considering the mean heating degree-day (HDD). In Italy, six different climate zones were created as a function of HDD which are calculated considering a design indoor air temperature equal to 20 °C; then, in order to compare the Umbria values to the Italian ones, a climate normalization considering the mean Italian HDD is necessary. Besides, the same normalization is required for the European comparison, but in most European countries the heating degree-day is calculated considering a design indoor air temperature equal to 18 °C; this value is provided by many European sources for all the European countries (25 countries). Therefore, before these two comparisons between Umbria data and Italian and European ones, a new calculation of HDD for the Umbria Region setting the indoor air temperature to 18 °C was carried out. In Table 1 , the mean heating degree-day for Umbria, Italy and Europe are shown. The CO2 indicator available on energy certificates is supplied in kilograms of CO2 per square meter per year (kgCO2/(m 2 year)). All the national and international sources provided the mean value of CO2 measured in kg per dwelling, so the CO2 indicator of energy certificates was multiplied by the floor area of the dwelling, in order to compare it to the statistical data.
Generally, the amount of the total CO2 emissions from households can be calculated by direct use from fuel combustion and indirect use from electricity consumption. Energy demands for heating and electricity were multiplied by the specific CO2 production coefficient of the energy carrier; the emission factors were provided by international or national inventory of greenhouse gases and environmental reports issued by official sources, such as the Intergovernmental Panel on Climate Change and the International Energy Agency.
In this study, CO2 emission estimates were calculated by using CO2 indicators available on energy certificates for each dwelling, which correspond to the amount of CO2 emissions due to energy use for heating and for hot water, expressed in kgCO2/(m 2 year). On the basis of these values, the average value of CO2 emissions was calculated as the mean of the CO2 indicators related to about 3200 energy certificates for residential dwellings in Umbria (corresponding to 2% of the total regional housing stock [30, 31] ).
Therefore, the mean value of CO2 indicators was scaled to the EU climate conditions in agreement with the previous methodology used for the energy performance of the buildings.
Moreover, in order to evaluate the efficiency of the Umbria Region policies, the same energy indicators were also calculated considering the year of construction of the building. For the comparison, the average annual value for Italy was calculated as the ratio between the CO2 emissions per dwellingadapted according to climate conditions-and the average floor area of dwellings (96 m 2 ) [30] . The average CO2 emissions per square meter of European dwellings was finally derived from EEA estimates [3] .
Finally, considering the "simulation code" values, five typical dwellings, built in five different years (1990, 1995, 2000, 2005, 2010) , were also investigated. Each dwelling was characterized by an average floor area and an average CO2 emission per square meter.
Results

Energy Performance
The main characteristic of buildings certified and inserted into the energy database are reported in Tables 2 and 3 . As shown in Table 2 , the main part of energy certificates are related to the years 2005-2010 (about 50%), i.e., after the Legislative Decree [28] , and the main part of dwellings belongs to apartment buildings (49%). The mean "simulation code" energy value of Umbria buildings was calculated. Firstly, the energy consumption of buildings for the two main areas of Umbria (Perugia, Terni) was evaluated and compared to the national report [30] . Table 4 shows that the mean energy consumption calculated using the energy database data is higher than the one reported in the official reports, with a mean percentage error of about 17% for Perugia and 8% for Terni. However, this trend is mainly due to the methodology adopted and provided by the European Union; in fact this method allows to evaluate the energy performance of buildings by using a semi-stationary calculation code that implies a slight overestimation of the energy consumption. A more detailed analysis shows that it is possible to evaluate the mean energy consumption of buildings (on the right y-axis of Figure 2 ) and the percentage of the number of certificates (on the left y-axis of Figure 2 On the basis of this preliminary comparison, the mean energy performance of the buildings, equal to 104.85 kWh/(m 2 year), was evaluated considering its mean HDD; this value is slightly higher than the one reported in official sources (97.96 kWh/(m 2 year) [30] , +6.5%). However, this difference is in agreement with the previous analysis and it can be considered acceptable.
In order to compare the mean energy performance of the buildings in Umbria with the Italian and European ones, a climate normalization was carried out.
In this way, the energy performance of a building located in Umbria in the Center of Italy can be comparable with the energy performance of a European building. In fact, the actual winter season is different in European countries and heating energy consumption is obviously influenced by climatic factors and temperature differences. The mean energy consumption of Umbria buildings considering the climate normalization are shown in Table 5 . The calculated value was compared to the Italian one reported in official sources; specifically, Figure The energy consumption rises with the increase of HDD and the mean "simulation code" values confirm this trend; specifically the calculated mean Umbria value (104.85 kWh/(m 2 year)) is slightly higher than the "official" one, but it is lower than the mean Italian value (106.33 kWh/(m 2 year)), with a difference of about 1,5%. All the official data were normalized according to mean Italian HDD, in order to avoid the influence of climate on energy consumption (the black bar on the right).
Therefore, considering the data of the energy certificates, a higher value, which was much closer to the mean Italian consumption, was calculated; therefore, the energy indicator calculation considering the energy certificates data can be considered as a more precautionary approach.
The comparison with European energy indicators provided by official sources is shown in Figure 4 ; the histograms in grey represent the energy consumption of European countries provided by international reports [32] , the ones in black are respectively the mean value of Umbrian buildings, calculated by using the energy database and scaled to Europe (157.1 kWh/(m 2 year), the mean Italian and the mean European consumption. Figure 4 shows that the energy consumption of the buildings in Umbria is lower than almost all the European countries but, as Figure 3 shows, it is higher than the one estimated for Italy in the international sources, with a difference of about +33 kWh/(m 2 year). Considering the mean European value (European average), an important difference in energy consumption was also highlighted; in fact, the mean "simulation code" consumption of Umbrian buildings (indicated in Figure 4 with Umbria average) is lower than the mean "official" of Europe, with an important energy saving of about −55 kWh/(m 2 year). Considering the climate normalization, this last comparison allows to highlight that the energy performance of the mean Umbrian building is better than the ones of other European countries; besides, the mean energy consumption of Umbrian buildings will decrease thanks to the more restrictive limits of the Italian regulations D. Lgs. 192/05 [28] .
Finally, in order to highlight the efficiency of the new Umbria and Italian regulations, the mean energy consumption of Umbrian buildings depending on the year of construction was also calculated.
In Figure 5 the comparison of these energy indicators was reported: considering only the recent buildings (after 2010), the mean energy performance value is lower than the other ones, with a mean energy saving of 60% considering the buildings built before 2005 and about 17% of the ones built between 2005 and 2010.
This trend shows how the new political actions of the Regional Authorities, such as the Protocol for the environmental certification of buildings [28] , has had a good impact on energy consumptions. 
CO2 Emissions
According to the data from the energy database, the dwellings in Umbria released an average of 24.5 kilograms of CO2 per unit of useful floor area per year (kg/m 2 year) into the atmosphere. Because of the influence of recent international regulations on building consumption, Figure 6 shows the comparison between new and existing buildings in Umbria; the mean value of Umbrian buildings performance, scaled to European climate, is also shown (the average value of CO2 emissions was scaled to the European climate as described in the methodology section, in order to compare the results with the values estimated for other residential buildings in Europe). The emissions of existing buildings are 60% higher than the ones of new dwellings in Umbria. This trend is due to bad energy performance, above all in the dwellings built before 1990 [33] . In fact, old buildings have a higher value of the thermal transmittance (U-value), due to the absence of insulation or refurbishment, and therefore the envelope has a higher consumption for heating. Based on the energy certificates received by the Regional Authorities, buildings built before 1990 have an average energy consumption for heating of 185 kWh/(m 2 year)) (average value not climate corrected). Energy mix also affected CO2 emissions values; based on collected data, natural gas is the main fuel used for heating in Umbrian dwellings (82%), followed by LPG (12%).
When Umbrian dwellings are classified by age of construction, the average value per square meter varies between 15 and 50 kgCO2/m 2 year as shown in Figure 7 . The comparison highlights a decreasing trend of the emission rate; in particular the emissions from new buildings (built after 2005) are lower than the ones estimated for the old buildings, with a maximum rate of decrease of about 70%.
This trend also confirmed the results obtained for the energy consumption of Umbrian buildings ( Figure 3) ; the two indicators are closely correlated because of the fossil fuels used for heating. Figure 8 . These values are in agreement with the ones provided by other studies [3, 34] . The building heritage in Umbria can be representative of the buildings in Central Italy and CO2 emissions are slightly lower than the national average value. Finally, the calculated CO2 emissions per dwelling were compared to the mean values of European countries; this comparison is shown in Figure 9 . The mean value of Umbria is lower than the mean value of European countries, with a difference of about 2 tons of CO2 per dwelling, and it is very close to the Italian mean value. The comparison of the CO2 indicators calculated using energy certificates with the ones reported in official sources allowed to highlight the effectiveness of the methodology adopted in this study; in fact using the data of the energy certificates allowed to obtain energy indicators very close to the reference values, but with a significant saving of time.
Five "mean dwellings" for five different years of construction (1990, 1995, 2000, 2005, 2010) were examined, in order to evaluate CO2 emission savings as result of the application of energy and environmental policies and measures [8, 15, 28] . Moreover, certification of environmental sustainability was also introduced for residential buildings in Umbria in recent years [35] .
The reference case is the "mean dwelling" built in Umbria in 1990, as shown in Figure 10 , CO2 emissions of the "mean dwelling" built in Umbria in 2010 decrease by 50% compared to the reference dwelling. 
Conclusions
Many international agencies declared that total primary energy demand will increase in the next decades with a large use of fossil fuels. In order to obtain an important energy saving, a common European strategy was promoted in the building sector and it has played a key role in energy saving measures to achieve the objective of Nearly Zero-Energy Buildings (NZEB) by 2020.
All the data used by international agencies are based on real or experimental values, not always available; however the methodology provided by Europe allows to evaluate and to certify the energy performance and the emissions of buildings by using simulation codes. They are an interesting tool to provide and represent data on which a statistical analysis can be based on.
In this work the energy performance of buildings in Umbria was collected from energy certificates, and inserted in a database, in order to provide the necessary input data on which further statistical analysis was based. In particular, the mean energy consumption and the CO2 emissions were calculated and then compared to the ones reported in the Italian and European official sources. In order to compare these indicators, a climate normalization was necessary, to take the different climate conditions into account.
Both the energy and CO2 indicators estimated using simulated data are very close to the ones reported in European official reports and they allow to highlight an effective energy saving and CO2 emissions reduction in the residential sector, which is one of the major energy consumers.
The energy consumption of buildings and the CO2 emissions in Umbria are decreasing with respect to the base year (1990) thanks to the European policies; considering only the new buildings (built after 2005) in Umbria, a CO2 reduction and an energy saving of about 50% and 70% respectively were obtained.
Results shown in this study highlight that the energy consumption and CO2 emissions of Umbrian building heritage are very close to the Italian ones, while they present a worse energy performance and higher CO2 emissions when normalized and compared to Italian and European ones; this trend is mainly due to the climate correction that is necessary in order to compare the performance of buildings in different climates. In fact, differently to Italian Regions and European countries, Umbria has a heating degree-day value lower than the mean European one.
However, the statistical analysis based on about 3200 simulations highlights that the average building in Umbria presents an energy consumption and CO2 emissions lower than the ones of most European countries, and this result is in agreement with official sources.
